Pelger-Huet anomaly is an inherited disorder of leukocyte development characterized by persistent nuclear hyposegmentation of granulocytes and monocytes in the presence of
a mature, coarse chromatin pattern. The anomaly has been reported sporadically in humans, but is rare in In humans and animals, Pelger-Huet anomaly usually is encountered in the heterozygous form where most blood granulocytes and monocytes have indented, band-shaped, or bilobed nuclei. In the homozygous form of Pelger-Huet anomaly, however, granulocytes and monocytes generally have round to oval nuclei with a very coarse chromatin pattern. 2 The homozygous form of the anomaly is extremely rare, and has only been described in rabbits6 and, presumably, in nine human^.^,^ In a prospective breeding study, a brother-sister test mating of two cats that were heterozygous for the Pelger-Huet trait7 produced a litter of five kittens, three of which were stillborn ( Table 1) . One stillborn kitten was small and had a domeshaped skull with a flattened face and protruding tongue. The hard palate was intact. All limbs were short, thickened, and had severe medial deviation ( Fig. 1 ). Survey radiographs demonstrated extensive axial and appendicular skeletal changes when compared to the other two stillborn littermates ( Fig. 2) . A dome-shaped skull and shortenednasal bones were apparent. Vertebral bodies were shortened longitudinally with concave ends, and the ribs also were shortened with flared costochondral junctions. The costochondral cartilage was longer than in the unaffected littermates. Appendicular skeletal abnormalities consisted of shortened long bones with cup-shaped metaphyses. Radiographic skeletal lesions were not seen in the remaining stillborn kittens. One live littermate also had skeletal abnormalities, including pectus excavatum, lordosis, longitudinal compression of the vertebral bodies, and flaring of the distal radial metaphyses. The remaining live kitten had no radiographic abnormalities of the skeletal system. Radiographic findings in both affected kittens were compatible with chondrodysplasia.
Examination of Wright-stained smears of umbilical cord blood made at birth revealed that the runted stillborn kitten had a differential leukocyte count of 43% neutrophils, 9% monocytes, 42% lymphocytes, 3% eosinophils, and 3% basophils. The majority of blood granulocytes and monocytes had round to oval nuclei ( Fig. 3 ). All leukocytes, including lymphocytes, had a very coarse, patchy chromatin pattern. Toxic changes of the neutrophil cytoplasm were not observed. Based on the leukocyte phenotype, the hematologic diagnosis was homozygous Pelger-Huet anomaly. In contrast, umbilical cord blood smears from three of the four remaining kittens had band to bilobed leukocyte nuclei which were considered typical of the heterozygous state of Pelger-Huet anomaly. In these individuals, the chromatin pattern was less aggregated than in the homozygous kitten. The live chondrodysplastic kitten had a normal leukocyte phenotype, with most neutrophils having three nuclear lobes. Neutrophil mean nuclear scores were calculated, following published guidelines, on blood smears from each kitten.' The calculated mean nuclear score (1.39) of the homozygous Pelger-Huet kitten was significantly lower than the neutrophil mean nuclear scores of the heterozygous Pelger-Huet (3.13-3.23) and normal phenotype (4.62) littermates ( Table 1 ).
The three stillborn kittens were necropsied, and tissues were collected in 10% buffered formalin. Evidence of hydrocephalus in the runted kitten was not found on gross inspection of coronal brain sections. Skeletal tissues were decalcified, and all tissues were processed routinely, embedded in paraffin, sectioned at 5 pm, and stained with hematoxylin and eosin (HE). Microscopic lesions were seen only within the skeletal system of the runted stillborn kitten and involved both the axial and appendicular skeleton and were consistent with chondrodysplasia.
Long bones of the limbs were shortened, thickened, and had broad, mushroom-shaped epiphyses (especially noticeable in the distal epiphyses). The physeal zones were incompletely formed with partial or irregular endochondral ossification at the center of the physis and more normal endochondral ossification at the periphery of the physis. Central areas of the physis occasionally were necrotic and associated with a failure of vascular invasion.
Rib sections were characterized by bulbous to mushroomshaped costochondral junctions ( Fig. 4 ) which were not seen in tissue sections from the other kittens ( Fig. 5 ). Modeling of the growth plate was often incomplete, resulting in failure to form a metaphyseal lattice. In contrast to the cartilage matrix of the heterozygous Pelger-Huet littermates, the cartilage matrix from the homozygous Pelger-Huet kitten appeared mottled in HE-stained sections. Areas of cystoid degeneration were apparent. With alcian blue (pH 2.5)/periodic acid-Schiff (PAS) staining, the matrix stained blue-green with multifocal areas of intense PAS positivity, suggesting a different metaboIic composition of this tissue compared to the other kittens. Cystoid areas failed to stain. Vertebrae and sternebrae had similar changes, with discrete areas of necrosis in the centrum of the bone. In contrast, age-matched heterozygous Pelger-Huet kittens had a centrum containing two distinct physeal zones and a marrow cavity with hematopoietic elements.
Most hematopoietic cells in the marrow spaces of the homozygous Pelger-Huet kitten had round to oval nuclei. Although megakaryocytes often had round to oval nuclei, some degree of nuclear lobulation was apparent. Because bone marrow smears were not made, megakaryocyte morphology could not be examined in detail.
Theoretically, several criteria should be fulfilled for a definitive diagnosis of homozygous Pelger-Huet anomaly.6 Blood smear examination should verify that both parents express the Pelger-Huet trait. The suspected homozygote also should have persistent nuclear hyposegmentation of granulocytes and monocytes, with round to oval nuclear configurations predominating. All blood leukocytes, including lymphocytes, should have a very coarse, patchy chromatin pattern.
The possibility of leukocyte nuclear hyposegmentation resulting from infection, neoplasia, or drug exposure should be eliminated. In rare instances, severe bacterial infection in heterozygous Pelger-Huet individuals can present as a homozygous phenocopy.1° Toxic change of the neutrophil cytoplasm may be a distinguishing feature, and the "shift" from bands to myelocytes disappears following successful treatment. Homozygous phenocopies also have been reported in people with neoplasia and no family history of Pelger-Huet anomaly.' Exposure of heterozygous Pelger-Huet rabbits to colchicine has produced a transient homozygous phenocopy which was associated in some instances with toxic ~h a n g e .~ Although this drug reaction was predictable, similar findings in idiosyncratic drug reactions also should be considered. Lastly, blood studies should document transmission of the Pelger-Huet anomaly to all offspring resulting from matings of homozygous Pelger-Huet and normal individuals.
These stringent criteria for diagnosis of homozygous Pelger-Huet anomaly have been fulfilled only in experimental studies involving rabbits6 These rabbit studies have indicated, however, that the homozygous form of Pelger-Huet anomaly is usually lethal in utero. Of the few homozygous rabbits born, most died during or shortly after birth. Only one male and one female were raised to maturity, and of these, only the male was bred successfully to prove the existence of the homozygous state of the anomaly.
Of nine humans reported to have homozygous Pelger-Huet anomaly, only three clearly fulfill four of the five criteria for definitive diagnosk2 However, some hematologists believe that homozygous Pelger-Huet anomaly has such a distinctive appearance on stained blood films that the diagnosis can be made in the absence of pedigree studies, provided that no evidence of infection or neoplasia exists3
In this kitten, most criteria for a definitive diagnosis of homozygous Pelger-Huet anomaly have been met. Both parent cats had the heterozygous form of the anomaly, and the kitten's leukocytes had the typical nuclear configuration and chromatin pattern described in the homozygous form of the anomaly in rabbits and humans. The possibility of bacterial infection was eliminated based upon histological studies and the lack oftoxic changes in neutrophils. Feline leukemia virus infection, which has been associated with the production of hyposegmented neutrophils, was discounted, because all colony cats have remained negative upon repeated viral testing.' Drug exposure also was eliminated because of the closed colony.
Skeletal defects have been reported consistently in homozygous Pelger-Huet rabbits,6 and the lesions described were remarkably similar to lesions seen in the homozygous kitten. Affected rabbits had shortened, curved, and/or twisted long bones with thickened epiphyses and an apparent arrest of endochondral ossification. Ribs frequently were shortened and had mushroom-like thickenings of the ends of the bone. Vertebrae were frequently widened or malformed with histological evidence of irregular ossification. Cyst-like holes also were apparent in some vertebral sections. In one case, enlargement of the skull was reported.6 Histologically, bone lesions resembled chondrodysplasia. Our homozygous kitten had similar radiographic and histologic lesions indicating arrested interstitial proliferation of cartilage with a concurrent modeling defect resulting in shortened and thickened bones.
Musculoskeletal abnormalities such as polydactyly2 and muscular dystrophy* have been found in certain human families expressing the Pelger-Huet trait. The presence of polydactyly appeared to be a coincidental finding, but evidence of weak gene linkage between Pelger-Huet anomaly and muscular dystrophy was found in the second family. A single instance of retarded body development and head enlargement, presumably due to hydrocephalus, was reported in a child with homozygous Pelger-Huet anomaly,2 but the remaining case reports of humans with homozygous Pelger-Huet anomaly fail to mention congenital structural defect^.^,^ Since skeletal defects were present in both the homozygous Pelger-Huet kitten and a littermate with a normal leukocyte phenotype, these abnormalities probably were the result of inbreeding. This also may have been the case in some rabbits because of the inbreeding required to establish a research colony.
Skeletal lesions in these kittens were generally classified as chondrodysplasia.5 Skeletal malformations in both cats presumably were of genetic origin, and lesions were widespread based upon radiographic studies. Histological examination of the skeleton of the homozygous Pelger-Huet kitten indicated that skeletal lesions were generalized, affecting both the axial and appendicular skeleton. Defective interstitial growth of physeal cartilage will result in a generalized shortening of bones that develop by endochondral ossification.5 These changes are most noticeable in the limbs, ribs, and vertebral bodies. Early arrest of growth of the intersphenoid, sphenooccipital, and interoccipital bones in the presence of continued brain growth results in an enlarged, dome-shaped skull. Hypoplasia of the cranial base, ethmoids, and turbinates is responsible for the retrusion of the face with subsequent protrusion of a normal-sized tongue. Flared or mushroom-shaped costochondral junctions and long bone physes may be the result of metaphyseal lipping. Altered stain affinity with regard to alcian blue/PAS staining also suggests that a difference in metabolic activity or composition of cartilage may occur in affected cats.
